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 Abstract: Brucellosis is a zoonosis caused by gram-negative bacteria of the genus Brucella. Osteoarticular complications 
are the most frequent symptoms of brucellosis occurring in up to 40% of the cases. Two brucellosis cases submitted to the 
Department of Forensic Medicine and Toxicology at the National and Kapodistrian University of Athens Medical School for 
forensic anthropological evaluation are reported. The value of the contribution of the brucellar lesions to the location of the most 
likely geographic origin of two missing individuals is presented. The presence of a pathologic condition, such as brucellosis, in 
skeletal remains can give significant information about the biological profile of an unidentified victim and greatly enhances the 
chances of obtaining a positive identification.
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 Brucellosis is the most prevalent zoonosis worldwide with more than 500.000 new 
cases annually, caused by gram-negative bacteria of the 
genus Brucella [1,2]. The genus includes three species 
pathogenic to domestic animals and through them to 
humans: B. abortus, B. melitensis, and B. suis [3]. B. 
canis is also a human pathogen but of lesser importance 
[4]. The bacteria are transmitted to humans through 
consumption of unpasteurized dairy products and 
infected meat. Other modes of transmission include 
skin contact, the respiratory tract and transplacental [5]. 
Direct person-to-person spread is extremely rare [6]. An 
incubation period ranging from three weeks to several 
months is required before the onset of the disease [7].
 Brucellosis is divided according to its duration 
into acute (less than 2 months), subacute (2-12 months), 
and chronic form (more than 12 months) [8]. Primary 
infection typically manifests as chronic respiratory 
illness, fever and splenomegaly [7]. Secondary infection 
of skeletal tissue can occur when the bacteria become 
systemic and spread to cancellous bone [7].
 The aim of this study is to report two brucellosis 
cases submitted to the Department of Forensic Medicine 
and Toxicology at the National and Kapodistrian 
University of Athens Medical School for forensic 
anthropological evaluation. Additionally, the value of the 
contribution of the brucellar lesions to the location of the 




 A partially skeletonized body was discovered in 
an irrigation canal of a rural reed-covered area. The body 
was missing the head and was wrapped in a blanket. A 
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day after the recovery, the head of a young woman was 
found by the police in a plastic bag 120m away from 
the rest of the body, following information given by the 
perpetrator.
 Forensic anthropological analysis revealed 
that the remains belonged to a European female, 30-
40 years old. European ancestry traits included narrow 
nasal aperture, sharp nasal sill, and parabolic palate [9]. 
The age was based upon the morphology of the sternal 
4th rib end [10]. In order to examine the remains, the 
skeletal elements were prepared by a chemical simmering 
method for removing all the remaining soft tissues 
from bone. During the macroscopic examination of the 
skull two perimortem depressed fractures caused by 
a blunt instrument were observed on the left temporal 
and parietal bone. In addition, cervical vertebrae 2 to 5 
presented four knife marks probably caused during the 
removal of the head. This also reflects the desire of the 
perpetrator to conceal the identity of the victim. Thus, 
the manner of death for this victim has been ruled a 
homicide.
 Dental examination indicated congenital absence 
and several caries on the upper and lower dentition. 
During the examination of vertebrae, the anterior-
superior surface of the vertebral body of L4 showed 
evidence of slight erosion and reactive bone. The lumbar 
vertebra presented a lytic lesion in the antero-superior 
angle of the body (vertebral epiphysitis), adjacent to the 
annulus fibrosus. No other articular or discal surfaces, 
nor posterior facets, were affected. In particular, the L4 
shows an epiphysitis of the anterior and superior rim, in 
which the loss of tissue is quite clear and is characterized 
by a granulomatosic appearance (Fig. 1a). This lumbar 
vertebra also showed a well-developed bony protrusion 
which extended through the entire superior margin of 
the vertebral body. These pathological alterations led to 
the conclusion that the person was affected by brucellosis. 
No other brucellar lesions were observed on the rest of 
the skeleton.
 After the perpetrator was arrested and confessed, 
the verification of the person’s identity became feasible. 
Forensic anthropological analysis led to a match to a 
missing persons’ police file. The remains, which had been 
exposed for roughly 6 months, belonged to a 33 year-old 
female from Romania.
 Case 2
 Human skeletal remains were discovered in a 
domestic septic tank with a depth of 4.5m of a relatively 
new apartment building by a worker who was called to 
remove the wastewater. The new apartment block had 
been built 10 years ago but it was never inhabited. The 
remains were covered in a greyish building material with 
a thick liquid consistency (Fig. 2). Following recovery 
by the police, the remains and associated evidence were 
submitted to the laboratory for forensic anthropological 
evaluation.
 The anthropological analysis revealed that the 
remains originated from a 35-45 year old European male, 
with a living stature of 166-173 cm. European ancestry 
traits included narrow nasal aperture, sharp nasal sill, and 
parabolic palate [9]. The morphological assessment of 
the pelvis and skull indicated that the remains belonged 
to a male. The age was based upon the morphology of the 
pubic symphysis [11], the auricular surface [12], and the 
Figure 1. Skeletal lesions in L4 vertebral body due to brucellosis: (a) Case 1, (b) Case 2.
Figure 2. Human skeletal remains recovered from a septic tank 
(Case 2).
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sternal 4th rib end [10]. In addition, the Lamendin’s aging 
technique was applied using teeth 15, 34, 35, and 45 [13]. 
During dental examination, it was observed that all the 
teeth that were found presented severe dental calculus.
 Antemortem pathologies included a healed 
fracture of the left 5th rib and some pathological lesions 
in the vertebrae. In particular, Schmorl’s nodes were 
observed on the inferior surface of the vertebral bodies of 
T5 and T9. Syndesmophytes were present on the anterior 
surface of vertebral body of T10. In addition, a lytic lesion 
was observed in the antero-superior angle of the body 
of L4 (Fig. 1b). The alterations of the anterior face are 
coarse ossifications of the ligaments that present as large 
angular osteophytes. Moreover, a sub-periosteal reaction 
in a form of finely porous microtrabecular neoformed 
bone to the antero-superior surface of the vertebral body 
was observed in this region of the vertebra. The observed 
lesions on the lumbar vertebra appear consistent with 
brucellosis. Brucellar alterations were not found on any 
other bone of the skeleton.
 Forensic anthropological analysis and identity 
documents which were found in the victim’s clothing 
provided the necessary information to establish a positive 
identification. The skeletal remains belonged to a 37 year-
old male from Pakistan whose remains were in the septic 
tank for approximately 7 years after his death but he had 
never been reported missing.
DISCUSSION
 Skeletal pathology and differential diagnosis
 According to the World Health Organization 
(WHO), osteoarticular complications are the most 
frequent symptoms of brucellosis occurring in up to 40% 
of the cases [14]. Sometimes, bone lesions are extensive 
and they are observed in different regions of the body 
at the same time [15]. The spine is the most commonly 
affected structure, especially the lumbar vertebral bodies. 
Long bones are less frequently affected, while flat bones 
are the least often involved [16]. It has been reported that 
apart from the spine, brucellar lesions may appear on the 
femoral head, hip, humerus, tibia, knee, sacroiliac joint, 
shoulder, and carpals [17-24]. The evidence of the above 
studies was based on X-rays, CT scans and MRI imaging.
In the early stages of the disease, radiographs and bone 
scintigrams may appear normal [14]. In the chronic phase 
the disease is characterized by various organ-related 
manifestations, bones and nerves [1]. It has been reported 
that skeletal manifestations are more frequent and more 
evident during the chronic and subacute stages [8, 22, 
25, 26]. According to Capasso in the initial phase there 
is a characteristic brucellar polyserositis with a pleural, 
peritoneal or pericardial seat [1]. Brucella infection 
can cause spondylitis in the lumbar and thoracic spine, 
osteomyelitis in long bones and the pelvis, and arthritis 
[27, 28]. The articular or osteoarticular localizations of 
brucella are actually more frequent, and some authors 
consider them necessary to diagnose brucellosis [1]. The 
most common form is a serosal arthritis of the major 
joints, primarily the knee, and the small joints of the hands, 
especially the interphalangeal joints [1]. However, the most 
typical localization is at the vertebral column. Today about 
30% of brucellar infections in humans develop the typical 
spondylitis brucellaris known as anterior epiphysitis [1]. 
Adult males are affected much more frequently than 
females [3]. The spinal lesions are usually located in the 
vertebral bodies, especially of the lower thoracic, lumbar, 
and lumbosacral areas, often involving more than one 
vertebra [3]. The lumbar section of the spine is affected in 
80% of the cases [1]. The inflammatory brucellar course 
in the vertebral column initially affects the intervertebral 
disc tissues and the bone of the antero-superior corner 
of the body immediately below the affected disc [1, 7, 
29]. Subsequently the fibres of the anterior longitudinal 
ligament are affected, as is the periosteum of the anterior 
face of the vertebral body [1]. The inflammatory activity 
involves only the vertebral body below the disc and only 
the region in contact with the annulus fibrosus, producing 
an osteolysis of the antero-superior vertebral corner. This 
is usually followed by an osteolysis of the anterior superior 
somatic angles caused by the continued spread of the 
bony infiltration on the part of the brucellar granuloma, 
beginning with the anterior part of the vertebral disc [30]. 
This initial invasive osteolytic phase is followed by a phase 
of osteogenic reaction [31].
 The vertebral lesions observed in the two 
described forensic cases are attributable to the so-called 
anterior vertebral epiphysitis. Apart from brucellosis, 
several infectious diseases can produce similar lesions like 
haematogenous osteomyelitis, staphylococcic spondylitis, 
salmonellosis, and tuberculosis [1]. Haematogenous 
osteomyelitis produces localizations on the anterior 
part of the vertebral body [32]. The localization of 
haematogenous osteomyelitis on the vertebral column 
generally occurs at the level of the dorso-lumbar hinge. 
Staphylococcic spondylitis is characterized by the 
destruction of the superior anterior somatic angle, while 
the plates of the affected vertebra and the one above it 
are unaffected. The osteolytic lesions are not limited to 
the area below the imprint of the annulus fibrosus, but 
rather spread, generally affecting all of the anterior half 
of the upper part of the vertebral body. In addition, the 
sclerotic reactions are quite limited [1, 33]. Salmonellosis 
can also cause spondylitis with osteolytic lesions of the 
antero-superior somatic angle, contrary to what occurs in 
brucellosis where this is followed by new bone formation 
[34]. In tuberculosis, the part of the vertebra involved 
is almost exclusively the vertebral body and definitely 
the anterior portion of the body [35]. The involvement 
of posterior elements of vertebrae is very uncommon 
[3]. Vertebral lesions are mostly localized in the lower 
spine, in the inferior part of the thoracic and lumbar 
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vertebrae [3, 36, 37]. The destruction of the vertebral body 
is usually purely lytic leading to cavitation. Tuberculosis 
is characterized by lack of new bone formation [38]. In 
brucellosis the osteolytic lesions are characteristically 
confined to the lower dorsal and upper lumbar sections 
[1]. The lytic lesions affect the antero-superior angle of the 
vertebral body and are followed by a sclerotic response 
[3]. Hence according to the above and taking into 
consideration possible differential diagnoses, the observed 
lesions on the two lumbar vertebrae of the two forensic 
cases examined seem attributable to brucellosis. Lumbar 
vertebrae from both individuals exhibit lytic lesions in the 
antero-superior portion of the body that display sclerotic 
margins due to granulomatous reaction. It is therefore 
necessary to differentiate brucellosis from other infectious 
diseases which can cause vertebral lesions, so it can be 
considered as a supplementary factor in the elaboration of 
hypotheses relating to an unidentified individual.
 Epidemiology and distribution
 Brucellosis is a public health problem in many 
developing countries [39]. In many brucellosis-endemic 
countries, health systems are not well-organized and the 
cases are considerably under-reported. It is likely that the 
official data underestimate the true disease burden [40, 
41]. Moreover, as brucellosis is one of the great imitators 
of infectious diseases, it can be frequently misdiagnosed 
[42]. The correct diagnosis and the specific treatment are 
often not made until the disease is at an advanced stage, 
thus leading to bone destruction [15]. It is evident that 
a highly knowledgeable medical staff and an adequately 
functional notification system are required to control 
brucellosis.
 Brucellosis is a mandatory notifiable infectious 
disease in Greece. The Department of Epidemiological 
Surveillance and Intervention of the Hellenic Center for 
Disease Control and Prevention (HCDCP) collects data 
regarding brucellosis cases from all areas of the country 
through the established mandatory notification surveillance 
system. According to HCDCP, in the period 2005-2011, 
1.410 incidents of brucellosis were reported, i.e. the mean 
annual report was 18 cases/1.000.000 of population. The 
rate is constantly declining since 1998, when the vaccination 
program in sheep and goats was re-established, substituting 
the “test and slaughter” policy which had been implemented 
for 5 years. An isolated peak of the disease in the human 
population occurred in 2008 (31/1.000.000) because of an 
outbreak in the island of Thassos, which reached 104 cases. 
The incidence was attributed to the consumption of non-
pasteurized dairy products during the period of the Easter 
holidays, when dairy products are traditionally produced 
and distributed [43].
 Greece is located in southern Europe, on the 
eastern edge of the Mediterranean Sea, sharing boundaries 
with Albania, Bulgaria, Turkey and the former Yugoslav 
Republic of Macedonia (FYROM). Brucellosis is endemic 
in all the countries surrounding Greece and the rates of 
incidence there are considerably higher. More specifically, 
the annual cases per million of population in Albania are 
63.6, in the FYROM 148 and in Turkey 262.2 [2]. Bulgaria 
was considered to be brucellosis-free, but during 2005-
2007 a re-emergence was recorded. Among 2.054 people 
tested due to occupational risk, a total of 105 human cases 
of brucellosis were diagnosed [44].
 In addition, due to its geographical location 
and EU membership Greece is a destination for 
immigrants originating from the Eastern Bloc (i.e., 
former communist states of Eastern and Central Europe), 
the Middle East, Asia, and North Africa. In all regions 
brucellosis is endemic. More specifically, Romania is 
bovine-brucellosis free since 1969. But like most former 
communist countries, after 1989 when the transition 
from governmental to private owned properties was 
made, there were several outbreaks of sheep and swine 
brucellosis. During the transition the number of animals 
decreased and so did the brucellosis-control measures. 
Vaccination against brucellosis is prohibited in Romania 
but the incidents are gradually decreasing [45]. In 
Pakistan, the veterinary care of domesticated animals is 
limited and many physicians are unaware of the disease 
[46]. The incidence of human brucellosis is unknown 
because of the lack of reporting and notification system. 
However, the disease is endemic and it is most frequently 
diagnosed in women, as it is common practice for the 
females to tend the cattle at home in rural areas.
CONCLUSION
 The presence of pathological conditions in 
unidentified skeletal remains can contribute to forensic 
investigations in a decisive manner. Brucellar lesions can 
provide clues to how and where people lived and ultimately 
can lead to their identification. As the percentage of 
human brucellosis in Greece was considerably lower in 
comparison to other countries in the region, the presence 
of brucellosis in lumbar vertebrae was an indication that 
the human remains in both cases belonged to foreigners. 
This helped direct the investigative process to potential 
victims.
 Another element that led us to this conclusion 
was that the lesions in the bones are characteristic of the 
chronic phase of the disease. It is known that brucellosis 
is a mandatory notifiable infectious disease in Greece and 
the infection of bones is rare as it is usually treated while 
being in the initial phase. The presence of a pathologic 
condition, such as brucellosis, in skeletal remains can 
therefore give significant information about the biological 
profile of an unidentified victim and greatly enhances the 
chances of obtaining a positive identification.
 Conflict of interest. The authors declare that 
they have no conflict of interest concerning this article.
74
Anastopoulou I. et al.   Skeletal evidence of brucellosis in a medicolegal context: A report of two cases
 References
1. Capasso L. Brucellosis at Herculaneum (79 AD). Int J Osteoarchaeol. 1999;9:277-288.
2. Pappas G, Papadimitriou P, Akritidis N, Christou L, Tsianos EV. The new global map of human brucellosis. Lancet Infect Dis. 2006;6:91-99.
3. Ortner DJ. Identification of pathological conditions in human skeletal remains. San Diego: Academic Press; 2003.
4. Alton GG, Forsyth JRL. Brucella. In: Baron S, editor. Medical Microbiology. 4th ed. Galveston, TX: University of Texas Medical Branch at 
Galveston; 1996.
5. El Bagi MA, Sammak BM, Al Shahed MS, Yousef BA, Demuren OA, Al Jared M, Al Thagafi MA. Rare bone infections “excluding the spine”. Eur 
Radiol. 1999;9(6):1078-1087.
6. Seleem MN, Boyle SM, Sriranganathan N. Brucellosis: a re-emerging zoonosis. Vet Microbial. 2010;140(3):392-398.
7. Mutolo MJ, Jenny LL, Buszek AR, Fenton TW, Foran DR. Osteological and molecular identification of brucellosis in ancient Butrint, Albania. Am 
J Phys Anthropol. 2012;147(2):254-263.
8. Turgut M, Turgut ΑT, Koşar U. Spinal brucellosis: Turkish experience based on 452 cases published during the last century. Acta Neurochir. 
2006;148:1033-1044.
9. Gill GW. Craniofacial criteria in the skeletal attribution of race. In: Reichs KJ, editor. Forensic osteology: advances in the identification of human 
remains. 2nd ed. Springfield, IL: Charles C Thomas; 1998. p. 389-409.
10. İşcan MY, Wright RK, Loth SR. Age estimation from the rib by phase analysis: white males. J Forensic Sci. 1984;29(4):1094-1104.
11. Brooks S, Suchey JM. Skeletal age determination based on the os pubis: a comparison of the Acsadi-Nemeskeri and Suchey-Brooks methods. J 
Hum Evol. 1990;5:227-238.
12. Meindl RS, Lovejoy CO. Ectocranial suture closure: a revised method for the determination of skeletal age at death based on the lateral-anterior 
sutures. Am J Phys Anthropol. 1985;68(1):57-66.
13. Lamendin H, Baccino E, Humbert JF, Tavernier JC, Nossintchouk RM, Zerilli A. A simple technique for age estimation in adult corpses: the two 
criteria dental method. J Forensic Sci. 1992;37(5):1373-1379.
14. World Health Organization. The world health report 2006: working together for health. Geneva: World Health Organization; 2006.
15. Samra Y, Hertz M, Shaked Y, Zwas S, Altman G. Brucellosis of the spine. Bone Joint J. 1982;64(4):429-431.
16. Aufderheide AC, Rodríguez-Martín C. The Cambridge encyclopedia of human paleopathology. Cambridge: Cambridge University Press; 1998.
17. Kalman S, Sakallıoğlu O, Altunbaş A. Brucellae osteoarthritis on the head of the femur. J Trop Pediatr. 2005;51(4):250-251.
18. Altindağ Ö, Sirmatel F, Sirmatel Ö. Brucella arthritis of hip: a case report. Rheumatism. 2007;22:40-42.
19. Luc M, Armingeat T, Pham T, Legré V, Lafforgue P. Chronic Brucella infection of the humerus diagnosed after a spontaneous fracture. Joint Bone 
Spine. 2008;75(2):229-231.
20. Fowler TP, Keener J, Buckwalter JA. Brucella osteomyelitis of the proximal tibia. Iowa Orthop J. 2004;24:30-32.
21. Yorgancigil H, Yayli G, Oyar O. Neglected case of osteoarticular Brucella infection of the knee. Croat Med J. 2003;44(6):761-763.
22. Porat S, Shapiro M. Brucella arthritis of the sacro-iliac joint. Infection 1984;12(3):205-207.
23. Ibero I, Vela P, Pascual E. Arthritis of shoulder and spinal cord compression due to Brucella disc infection. Br J Rheumatol. 1997;36(3):377-381.
24. Seal PV, Morris CA. Brucellosis of the carpus. Report of a case. J Bone Joint Surg Br. 1974;56(2):327-330.
25. Ekici MA, Özbek Z, Gökoğlu A, Menkü A. Surgical management of cervical spinal epidural abscess caused by Brucella melitensis: report of two 
cases and review of the literature. J Korean Neurosurg Soc. 2012;51:383-387.
26. Ahmetagic S, Tihic N, Ahmetagic A, Custovic A, Smriko-Nuhanovic A, Mehinovic N, Porobic-Jahic H. Human brucellosis in Tuzla Canton. Med 
Arh. 2012;66(5):309-314.
27. Ariza J, Gudiol F, Valverde J, Pallarés R, Fernández-Viladrich P, Rufi G, Espadaler L, Fernández-Nogues F. Brucellar spondylitis: a detailed analysis 
based on current findings. Rev Infect Dis. 1985;7(5):656-664.
28. Kelly PJ, Martin WJ, Schirger A, Weed LA. Brucellosis of the bones and joints: experience with 36 patients. J Am Med Assoc. 1960;174(4):347-353.
29. Glasgow MM. Brucellosis of the spine. Br J Surg 1976;63:283-288.
30. Ambrose GB, Meyer A, Neer CS. Vertebral osteomyelitis. J Am Med Assoc 1966;197:623-640.
31. Pedro-i-Pons A. La espondilitis melitococica. Ann Medicinal 1929;23:222-226 as cited in Capasso L. Brucellosis at Herculaneum (79 AD). Int J 
Osteoarchaeol. 1999;9:277-288.
32. Uhlinger E. Die Pathologische anatomie der hämatogenen osteomyelitis. Der Chirurg 1970;41:193-198 as cited in Capasso L. Brucellosis at 
Herculaneum (79 AD). Int J Osteoarchaeol. 1999;9:277-288.
33. Waldvogel FA, Medoff G, Swartz MN. Osteomyelitis. N Engl J Med. 1970;282:198-208.
34. Köhler EA, Zimmer A. Grenzen des Normalen und Anfänge des Pathologischen im Röntgenbild des Skeletts. Stuttgart: Thieme; 1982 as cited in 
Capasso L. Brucellosis at Herculaneum (79 AD). Int J Osteoarchaeol. 1999;9:277-288.
35. Resnick D, Niwayama G. Osteomyelitis, septic arthritis, and soft tissue infection: organisms. In: Resnick D, editor. Diagnosis of bone and joint 
disorders. 3rd ed. Philadelphia: Saunders; 1995. p. 2448-2558.
36. Resnick D, Niwayama G. Osteomyelitis, septic arthritis and soft tissue infection: mechanisms and situations. In: Resnick D, editor. Bone and joint 
imaging. Philadelphia: Saunders; 1989. p. 765-798.
37. Roberts CA, Buikstra JE. The bioarchaeology of tuberculosis: a global view on a reemerging disease. Gainesville: University Press of Florida; 2003.
38. Anderson T. A case of skeletal tuberculosis from Roman Towcester. Int J Osteoarchaeol. 2001;11:444-446.
39. Hashemi SH, Keramat F, Ranjbar M, Mamani M, Farzam A, Jamal-Omidi S. Osteoarticular complications of brucellosis in Hamedan, an endemic 
area in the west of Iran. Int J Infect Dis. 2007;11(6):496-500.
40. Dean AS, Crump L, Greter H, Schelling E, Zinsstag J. Global burden of human Brucellosis: a systematic review of disease frequency. PLoS Negl 
Trop Dis. 2012:6(10):e1865.
41. Yumuka Z, O’Callaghan D. Brucellosis in Turkey - an overview. Int J Infect Dis. 2012;16:228-235.
42. Young EJ. Brucella species, In: Mandell GL, Bennett JE, Dolin R, editors. Principles and practice of infectious diseases. 6th ed. Philadelphia: 
Churchill Livingstone; 2005. p. 2669-2672.
43. Vorou R, Gkolfinopoulou K, Dougas G, Mellou K, Pierroutsakos I, Papadimitriou T. Local brucellosis outbreak on Thassos, Greece: a preliminary 
report. Euro Surveill. 2008;13:25.
44. Russo G, Pasquali P, Nenova R, Alexandrov T, Ralchev S, Vullo V, Rezza G, Kantardjiev T. Reemergence of human and animal brucellosis, Bulgaria. 
Emerg Infect Dis. 2009;15(2):314-316.
45. Dobrean V, Opris A, Daraban S. An epidemiological and surveillance overview of brucellosis in Romania. Vet Microbiol. 2002;90:157-163.
46. Diju IU. Brucellosis - an under-estimated cause of arthralgia & muscular pains in general population. J Ayub Med Coll Abbottabad. 2009;21(2):128-131.
